Identification and characterization of large protein complexes is a mainstay of biochemical toolboxes. Utilization of cross-linking chemicals can facilitate the capture and identification of transient or weak interactions of a transient nature (1, 2).
Introduction

Ectopic introduction of an inducible GFP-tagged protein in cells is a useful
Purification of GFP or GFP-tagged proteins in complex is performed in concert with the addition of dithiobis succinimidyl propionate (DSP) during lysis. DSP has dual NHS esters (see DSP structure in Figure 2 ), thus targeting primary amines in protein complexes and forming a conjugated network of proteins (3, 4) . Lysis buffer is gently supplemented with DSP prior to lysis in a dropwise fashion to minimize precipitation, appropriate amount of lysis buffer is then added to cells and allows DSP to interact with primary amines in proteins and complexes of the proteins. Figure 3 illustrates a graphical representation of the pull-down workflow and protein identification by mass spectrometry.
Materials
TREx 293 cell lines are available from Invitrogen (R780-07). Maintain cells in
DMEM supplemented with 10% fetal bovine serum (FBS, Hyclone), 2 mM Lglutamine (Gibco), 100 U/ml pencillin, 200 µg/ml streptomycin, 15 µg/ml blasticidin and 100 µg/ml zeocin.
2. Recombinase and pCDNA5 can be purchased from Invitrogen.
3. Clone individual genes of interest into pCDNA5 FRT/TO using convenient multiple cloning sites.
4. Lysis buffer is prepared as 40 mM HEPES pH 7.4, 120 mM NaCl, 1 mM EDTA, 10 mM sodium pyrophosphate, 50 mM NaF, 1.5 mM sodium orthovanadate, 1% Triton, 1 tablet complete protease inhibitor cocktail per 25 ml (5). 2. Pre-warm 1 ml of Opti-MEM serum free medium (Life Technologies) in a 15-ml conical tube.
3. Add 9 µg pOG44 plasmid and 1 µg of pCDNA5/FRT/TO-GFP vector (Note: maintain a 9:1 ratio of pOG44 with pCDNA5/FRT/TO-GFP when scaling target cell dish size).
4. Add 25 µl of polyethylenemine (1 mg/ml) (Polysciences) or other transfection reagent to transfection medium and mix by tapping or vortexing for 15 s 5. Leave the transfection mix for 15 min at room temperature.
6. Add the entire transfection mixture to the target cell dish in a drop-wise fashion and return cells to the incubator.
7. 24 h post-transfection split cells into 3 dishes and maintain in DMEM, 10%
FBS, L-glutamine, penicillin and streptomycin for 24 h. 10. Test doxycycline (20 ng/ml) or tetracycline (1 µg/ml) induction time course (Figure 1 ) for GFP-expression. Fluorescence microscopy can also be used to ensure that every cell expresses GFP upon induction with doxycycline or tetracycline. 6. Filter the lysates through a filter column to clear the lysate of any debris.
Purification of GFP
7. To clarified lysate, add 50 µl packed sepharose or agarose beads for 1h at 4 o C. This pre-clearing step minimizes non-specific interactions to solid-phase.
8. To the cleared lysate (10-60 mg total protein), add 50 µl of equilibrated GFPrap beads and incubate for 4 h on a roller at 4 o C.
9. Wash beads in 4 x 10 ml of complete lysis buffer containing 0.5M NaCl.
Addition of NaCl removes weak or low affinity spurious interactions.
10. Wash beads with 10 ml of 50 mM Tris-HCl, pH 7.5, 0.1mM EGTA.
11. Reconstitute beads in 60 µl of 1X LDS sample buffer with 0.1M DTT final, incubate for 1 h at 37 o C, boil for 5 min at 95 o C. DTT reduces disulfide bond from DSP to remove cross-linking of proteins.
12. Isolate denatured proteins from GFP-trap beads by spinning through spin X columns.
Gel electrophoresis of GFP purified protein complexes
1. Prepare a 10% NuPAGE Bis-Tris (1.5 mm thick) gel for electrophoretic separation of proteins. Rinse wells thoroughly with MOPS running buffer.
2. Load equal amounts of control GFP and GFP-protein of interest into alternating wells (leave empty wells between samples to minimize potential cross contamination during loading).
3. Resolve proteins at ~160 volts for ~45 minutes.
4. Stain using mass spectrometry grade staining reagent containing Coomassie blue dye or Simply Blue.
5. Image gel in clean petri dish, avoid unnecessary handling to minimize keratin contamination.
In gel Trypsin digestion
1. Excise bands of interest for each sample lane (See example Figure 4A ).
2. Cut bands into small 1-2 mm cubes with a clean scalpel. Place into clean 1.5 ml centrifuge tubes, minimize keratin contamination by changing gloves frequently.
3. Wash gel bands sequentially in 500 µl of 1) water, 2) 50% acetonitrile, 3) 50 mM NH 4 HCO 3 (ammomium bicarbonate; prepared fresh) and 4) 50% acetonitrile/50 mM NH 4 HCO 3 . Place samples on shaker for 10 min at room temperature for each wash step. Aspirate wash solution after each step.
4. In-gel alkylation and reduction steps: analysis can be performed using Scaffold, a statistical package for determination of data quality and spectral assignments (6).
Bioinformatics analysis of dataset
Analysis of shotgun proteomics lists can be conducted using proprietary software such as Ingenuity Pathways Analysis or public databases such as the Database for Annotation, Visualization and Integrated Discovery (DAVID, http://david.abcc.ncifcrf.gov) (7, 8) . These software packages allow for delving into the dataset and assigning molecular function and disease correlation along with developing various other ontological connections within the dataset. Gene Ontology (geneontology.org) can also be used to interrogate and determine term enrichment within a dataset (9). Cell localization, function and disease associations can be assigned to groups of proteins to better understand characteristics of the proteome cohort (10). Solid phase interactors (i.e. GFP binders) can be compared to the CRAPome database of non-specific interactors as well (crapome.org) (5). This repository is useful towards determining ruling out non-specific interactions.
Notes and Conclusions:
Affinity purification of target protein complexes provides a convenient way to identify novel binding partners involved in biological processes. Inclusion of GFP tags allows for determination of transfection efficiency by visualization.
One caveat is the effect of the large tag on native interactions. Considering this caveat, a strategy to tag target proteins either at the N or C terminus or alternatively at an internal site could provide insight into the effects of GFP fusion on native protein interactions. Careful determination of the induction time for the GFP fusion protein should be considered for potential spurious interactions due to heightened overexpression and effects of high abundance peptides masking identification of lower abundance but biologically important interactions. Using another method of fractionation can improve proteome identification and minimize dampening of signal for low abundance peptides (i.e. strong cation or strong anion HPLC fractionation of peptides or size exclusion chromatography of proteins prior to tryptic digestion). The identification of protein complexes can yield a great deal of information in terms of protein function and involvement in biological processes. The above protocol provides a detailed approach towards conducting protein network characterization using mass spectrometry based technologies. The inclusion of a list of human proteins that interact with GFP under the experimental conditions described above will allow researchers to exclude these as contaminants in similar proteomic approach looking at potential interactors of GFP-tagged proteins (Table 1) .
We have employed the above methodology routinely for many proteomic studies (11-14) and continue to do so. Affinity purification of protein complexes and analysis by mass-spectrometry is a widely used technique and so variations to the above methodology also exist.
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